SUMMARY The effect of short-term infusion of a large dose of pentagastrin and a small dose of synthetic human gastrin I (SHG) on the rate of cell proliferation in gastric mucosa was studied in normal human subjects. Moreover, the kinetic parameters were compared with the serum gastrin concentrations in fasting patients. Endoscopic biopsies were labelled in vitro with 3H-thymidine and autoradiographs were prepared. The percentage of DNA-synthesising cells in the progenitor cell region was estimated. In healthy volunteers infusion of a large dose of pentagastrin (10 ,ug/kg per hour) was followed by a marked increase in the labelling index in fundic mucosa. The antral mucosa was not responsive to this effect. In the same subjects, infusion of a low dose of SHG (8 ng (1973) found that pentagastrin inhibited fibroblast growth and promoted the pro-
SUMMARY The effect of short-term infusion of a large dose of pentagastrin and a small dose of synthetic human gastrin I (SHG) on the rate of cell proliferation in gastric mucosa was studied in normal human subjects. Moreover, the kinetic parameters were compared with the serum gastrin concentrations in fasting patients. Endoscopic biopsies were labelled in vitro with 3H-thymidine and autoradiographs were prepared. The percentage of DNA-synthesising cells in the progenitor cell region was estimated. In healthy volunteers infusion of a large dose of pentagastrin (10 ,ug/kg per hour) was followed by a marked increase in the labelling index in fundic mucosa. The antral mucosa was not responsive to this effect. In the same subjects, infusion of a low dose of SHG (8 ng/kg per min) did not affect the rate of cell proliferation, either in fundic or in antral mucosa. In 46 patients with different gastric diseases no correlation between the serum gastrin concentrations and the labelling indices was found. The results suggest that human fundic mucosa is responsive to a trophic action of pentagastrin. If it exists, however, a physiological action of gastrin as a trophic hormone for human gastric mucosa must be considerably more complex than previously believed.
In 1969 Johnson and his colleagues hypothesized that gastrin was a trophic hormone for certain tissues of the gastrointestinal tract including gastric mucosa. Since then the hypothesis has been supported by a number of experimental investigations. Chrqnic administration of pentagastrin produces parietal cell hyperplasia in rats (Crean et al., 1969; Stanley et al., 1972) , and injections of pentagastrin have been demonstrated to stimulate protein (Johnson et al, 1969; Sutton and Donaldson, 1975) , RNA (Chandler and Johnson, 1972) , and DNA (Johnson and Guthrie, 1974) Received for publication 19 February 1976 liferation of epithelial cells in cultures of human gastric mucosa from the oxyntic gland region, but no further studies on the trophic action of gastrin have been performed on human tissue.
The purpose of this study was (1) to investigate the effect of exogenous gastrin on cell proliferation kinetics in normal human gastric mucosa, and (2) to determine the relationship between the kinetic parameters and the serum gastrin concentrations in a series of patients with different gastric diseases.
Methods

SUBJECTS
After informed consent one female and two male healthy volunteers aged 27, 21, and 26 years were studied. In all three subjects the stomach was normal by endoscopic and histological examination. Gastroscopy was performed using a fibreoptic gastroscope (Olympus GIF-K). The only premedication utilized was a pharyngeal spray (Leostesin). Through the gastroscope biopsies were taken from the lesser curvature in the antral part of the stomach and from the greater curvature in the fundic part in each examination, carefully avoiding previous biopsy sites. Histologically, the biopsies included mucosa to the level of the lamina of the muscularis mucosae. INVESTIGATIVE PROCEDURE 1. In the three subjects biopsies were taken after 12 hours fasting. Immediately after the gastroscopy, pentagastrin (Peptavlon, Imperial Chemical Industries, Cheshire) was given intravenously as a 120 minute infusion of 10 ,Ag/kg per hour. Sixteen hours after starting the infusion endoscopic biopsies were again obtained.
2. In another study in the same volunteers, biopsies were taken after 12 hours fasting. After the gastroscopy, synthetic human gastrin (SHG I, Imperial Chemical Industries, Cheshire) was given intravenously as a 150 minute infusion of 8 ng/kg per minute. Biopsies were again taken eight, 16, and 24 hours after starting administration of SHG. Blood samples for measurements of serum gastrin concentrations were drawn before, 45 and 135 minutes after the onset of infusion. The two experiments were performed with an interval of three months.
3. In a third study, 46 randomly selected patients with different gastric diseases (Table) were investigated. There were 27 women and 19 men with ages ranging from 21 to 81 years. Gastroscopy was performed after an overnight fast and biopsies were taken as described above. All the biopsies were obtained from non-diseased areas of the stomach. Immediately before the endoscopic examination blood samples were drawn for measurements of serum gastrin concentrations. In the autoradiographs the background labelling was random and low, rarely exceeding 1 grain per 100 p2. The cells were considered labelled if they had five or more grains over the nucleus. The number of labelled cells as well as the total number of cells in all cross-sections of foveolae containing one or more labelled cells were counted blindly. Every third section of the serially sectioned biopsy material was surveyed. Using this counting procedure, cell counts were performed through the whole progenitor zone, both in antral and fundic mucosa. In each biopsy a minimum of 1000 cells were counted, and the percentage of labelled cells (LI) was estimated.
When only cross-sections containing labelled cells are taken into consideration, the LI will be overestimated because those cross-sections through the progenitor cell region, which do not have labelled cells, will not be included in the estimation of the LI. This error was reduced by use of a previously described equation for correction (Hansen et al., 1975 ).
All the labelling indices reported in this paper are the corrected values.
Serum gastrin concentrations These were measured radioimmunochemically using antiserum 2604-8 raised against SHG I. The binding sites of this antiserum are mainly directed against the biologically active C-terminal sequence of SHG. Although the antiserum is able to bind the synthetic analoque pentagastrin, the binding energy of this reaction is so weak ) that pentagastrin in serum cannot be measured after administration in doses like those in the present study.
In contrast all the three large main components in serum (Rehfeld et al., 1974) are bound with a potency equal to SHG on a molar basis (Rehfeld et al., 1975) . Monoiodinated SHG was used as tracer and SHG as standard. Reliability criteria of the actual assay have been published in detail previously (Rehfeld and Stadil, 1973) .
STATISTICAL ANALYSIS
The data obtained in the experiments with infusion of SHG have been analysed according to the method of analysis of variance. The difference either between the average response at each time interval and the results in the antral and fundic mucosa were tested. For statistical evaluation of the relationship between labelling indices and serum gastrin concentrations the Spearman coefficient of correlation (rsp) was calculated.
Results
Infusion of pentagastrin resulted in a marked increase in the labelling indices in fundic mucosa 16 hours after starting the infusion (Fig. 1) . In the antral specimens there were no significant changes in the labelling indices, but the values were slightly decreased in two of the subjects (Fig. 2) . At gastroscopy 16 hours after the start of stimulation with pentagastrin, the development of a moderate, diffuse, L.l. The increase in serum gastrin concentrations after infusion of SHG (Fig. 3) was about five times that of a physiological response to a protein-rich meal (Rehfeld and Stadil, 1973) . During this experiment the gastric mucosa appeared completely normal at all the endoscopic examinations. The administration of SHG had no significant effect on the labelling indices, either in fundic or in antral mucosa (Fig. 3) . The statistical analysis showed that the labelling indices were significantly higher in antral than in fundic mucosa during the whole study period (p < 001). 
Discussion
The results of the present studies indicate that: (1) a large dose of pentagastrin does stimulate the rate of cell proliferation in human gastric fundic mucosa; (2) human antral mucosa is not responsive to the trophic action of pentagastrin; (3) a short-term infusion of a near physiological dose of SHG does not affect the rate of cell proliferation in human fundic and antral mucosa; and (4) there is no correlation between the basal serum gastrin concentration and the labelling index in human fundic and antral mucosa.
The technique of in vitro labelling with 3H-thymidine of endoscopic biopsies in combination with autoradiography has been found useful in studying cell proliferation kinetics in human gastric mucosa (Hansen et al., 1975) . Using this technique no significant diurnal variations in the labelling and mitotic indices in normal human gastric mucosa were observed (Hansen et al., 1976) . The absence of circadian variations suggests that the progenitor cell population is asynchronous, and thus the LI is approximately proportional to the growth rate of the cell population, under the assumption that the duration of the DNA synthetic phase does not differ in the subjects studied. The method seems well suited for the study of the effect of gastrin on the rate of cell proliferation in human gastric mucosa, and a similar in vitro method has been used to demonstrate a trophic action of gastrin in dog fundic mucosa .
In the present study, infusion of a high dose of pentagastrin elicited a trophic response by the marked increase in the DNA-synthesis index in fundic mucosa. This observation is in accord with investigations on rats and dogs where injections of pentagastrin and porcine gastrin resulted in a peak increase in DNA synthesis 16 hours later (Johnson and Guthrie, 1974a; . In the animals the maximum uptake of 3H-thymidine was 200 to 300% of control values, while in man the labelling indices increased about 100%. This difference may be attributed to species differences, but it is more likely that the peak increase in man was not reached after 16 hours, but occurred some time later. This could have been elucidated by taking a series of biopsies with short intervals after the administration of pentagastrin. Unfortunately, the possibilities of taking serial biopsies in the volunteers were limited. In the human antral mucosa, infusion of pentagastrin had no stimulating effect on the rate of cell proliferation. Similarly dog antral mucosa was not responsive to the trophic effect ofgastrin (Willems and Vansteenkiste, 1974) . The finding that antral and fundic mucosa reacts in different ways to the same stimulus indicates a different growth pattern which, to some extent, explains the lack of correlation between the rate of cell proliferation in antral and fundic mucosa from patients with different gastric diseases (Hansen et al., 1975) . Miller et al. (1973) showed that epithelial cells originating from human oxyntic gland mucosa can 20 10-40-20-10-be grown in tissue culture and that pentagastrin is required to maintain the epithelial characteristics of that growth. This finding indicates that the trophic effects of pentagastrin observed in the present study resulted from a direct action of the hormone on the progenitor cells. However, stimulation with pentagastrin was followed by the development of acute gastritis in all three volunteers, and in gastritis the rate of cell proliferation is increased (Hansen et al., 1974) . In large doses pentagastrin dilates gastric submucosal arterioles (Guth and Smith, 1975) . and it is possible that the increased labelling indices after pentagastrin resulted from this effect together with the development of gastritis. As in other reports (Johnson, 1975 ) the present results were obtained after stimulation with pentagastrin, which is a synthetic, unphysiological drug. The physiological relevance to man of the trophic effects of gastrin is not clear.
The demonstration of atrophic gastritis and decreased thickness of the gastric mucosal remnant after antrectomy for peptic ulcer (Lees and Grandjean, 1958; Melrose et al., 1964) has led to the assumption that the hypotrophy is due to decreased amounts of circulating gastrin, and has been interpreted as presumptive evidence of physiological trophic activity of the hormone in man. However, it is not possible to find kinetic data supporting this hypothesis. In patients with duodenal ulcer the proliferative activity in gastric mucosa was found to be low, both by measurements of the rate of gastric DNA loss (Boyes et al., 1971 ) and in autoradiographic studies (Hansen et al., 1975) . On the contrary, simple atrophic gastritis is associated with increased rates of cell proliferation (Boyes et al., 1971; Croft and Cotton, 1973; Steenbeck and Wolff, 1971) , and in a preliminary study we found a high cell production rate in the gastric mucosal remnant after antrectomy (unpublished data). These findings suggest that the development of mucosal hypotrophy and atrophic gastritis after antrectomy in man is not simply caused by a decreased rate of cell renewal. Thus it is not possible to draw any conclusions concerning a trophic action of gastrin on basis of the mucosal changes after antrectomy.
In fasting dogs, food ingestion was followed by a significant increase in DNA synthesis in fundic mucosa, both in the intact stomach (Willems et al., 1971) and in Heidenhain pouches , indicating that gastrin, or some other humoral factor, had mediated the proliferative response. In rats, antrectomy resulted in decreases in RNA and DNA content of the duodenum and stomach (Johnson and Chandler, 1973) and in an overall reduction in the size of the fundic mucosa (Martin et al., 1970) . The changes in nucleic acid content could be antagonized by a series of pentagastrin injections (Johnson and Chandler, 1973) . These observations in animals are strong evidence that endogenous gastrin has a physiolgical function as a trophic hormone, which seems to be necessary for maintenance of the structural and functional integrity of the gastrointestinal tract (Johnson, 1975) . However, neither ingestion of a protein rich meal (Hansen et al., 1976 ) nor infusion of a near physiological dose of SHG affected the rate of cell proliferation in human antral and fundic mucosa. Moreover, the lack of correlation between serum gastrin concentrations and the labelling indices in 46 patients, may indicate that the physiological action of gastrin as a trophic hormone for human gastric mucosa is limited.
The observation that short-term infusion of SHG had no effect on the rate of cell proliferation does not completely disprove the hypothesis, since a prolonged administration of gastrin might have resulted in a trophic response. It is possible that gastrin is an important part of the mechanisms regulating the growth of human gastric epithelium, but this mechanism seems to be as complex as that regulating gastric acid secretion. A significant inverse correlation between the rate of cell proliferation in human gastric mucosa and the augmented histamine response has been demonstrated (Pedersen et al., 1973) , and it can be speculated that the same humoral factors are involved in regulation of both acid secretion and mucosal growth. Secretin, which has been shown to inhibit the trophic effect of gastrin on rat gastric mucosa (Johnson and Guthrie, 1974b) , may be such a factor. If it exists, however, a physiological effect of gastrin on the rate of cell proliferation in human gastric mucosa must be considerably more complex than initially believed. 
